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FIG. I 

COMPARISON OF THE ACTIVATION PROPERTIES 
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FIG. 2 

ACTIVITY COMPARISON AFTER PRETREATMENT 
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CATALYST FOR THE OXIDATION OF CARBON 
COMPOUNDS 

This is a divisional of application Ser. No. 220,796, 
?led on Jul. 13, 1988, now US. Pat. No. 4,916,109. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an activated PdZr oxide 

catalyst as an amorphous or crystalline alloy, 21 PClZl'O2 
precipitation catalyst as well as processes for total oxi 
dation of CO, aliphatic and aromatic hydrocarbons as 
well as aliphatic alcohols with the help of these cata 
lysts. The invention especially relates to the total oxida 
tion of said compounds in oxygen-containing gas 
streams, e. g., waste gas streams from fossil fuel combus 
tion units. 

2. Background Art 
It is known to use support-bonded noble metal cata 

lysts for the oxidation of carbon monoxide and hydro 
carbons [Yung-Fang Yu Yao, J. Catal., 87, 152-162 
(1984)]. The process is disadvantageous in that, aside 
from the fact of the very expensive noble metal cata 
lysts, which make an economical process on a large 
scale inconceivable, the reaction temperatures as a rule 
are set high. Therefore, from the energy viewpoint, the 
process again relative to the economic ef?ciency and 
costs is even less favorable. 

It is also known to use carbon monoxide in the pres 
ence of amorphous metal strips with a composition of 
Pd35Zr65 as the methanization catalyst for CO and H2 
[Yokohama et aI., Chemistry Letters, The Chemical 
Society of Japan, 195-198, (1983)]. 

BROAD DESCRIPTION OF THE INVENTION 

The main object of the invention, therefore, is to 
develop catalysts which do not exhibit said drawbacks 
of said processes. 
The main invention object can be achieved by means 

of a ?rst class of new activated catalysts of the general 
formula Pdx(ZrOz)y, wherein x is a number between 1 
and 99, y is the difference between x and 100 and z is a 
value between 0.5 and 2. 
The main invention object can also be achieved by 

means of a second class of new PdZrOg precipitation 
catalysts with a Pd content between 0.2 and 20 percent 
by weight produced by the process of: 

(a) impregnating ZrOg with a water-soluble palla 
dium salt, 

(b) drying the mixture, and 
(c) reducing the Pd complex with hydrogen. 
To repeat, the ?rst class of new catalysts of the inven 

tion are activated catalysts of general formula 
Pdx(ZrO,)y, wherein x is a number between 1 and 99, y 
is the difference between x and 100 and z is a value 
between 0.5 and 2. Preferably, the activated catalyst has 
the formula Pd33(ZrO2)67. The activated catalyst is 
suitably an amorphous or a crystalline alloy. 

Production of amorphous alloys is known in the art. 
An essential feature is that the elements that form the 
alloys can be premelted under a protective gas, such as, 
argon. This prealloy is again melted and the melt ?nally 
is cooled at cooling rates of suitably 103° to 109° C./s, 
preferably 106° to 109° C./s. With this “chilling pro 
cess”, an amorphous phase of the alloy is formed. 
Known processes, listed by way of illustration, are the 
melt spinning process, the splat cool process, further 

40 
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2 
processes for production of amorphous powders by 
melting and spraying of the alloy, etc. 
According to the invention, crystalline or crystal 

lized alloys of the composition according to the inven 
tion can also be used. Such alloys can be produced in 
the usual way known in the art, i.e., by melting of the 
initial materials and then permitting them to cool. It is 
also possible to convert amorphous alloys back to the 
crystalline state by heating above the crystallization 
temperature, generally in a high vacuum. 
Depending upon the production process, the alloy 

can be present as strip, pieces of strip, as a molded arti 
cle from strip or in powder form. 

In the unactivated state, the catalyst surface is in a 
range of 0.01 to 0.1 mZ/g. 

Before their use as catalyst these alloys according to 
the invention must ?rst be activated “in situ” or in an 
oxygen-containing gas stream. Thus, a partial-to-com 
plete oxidation of the zirconium to zirconium oxides of 
the formula ZrOz, takes place, and 2 has the above-men 
tioned meaning. Most of the palladium in the bulk re 
mains oxidatively unchanged in the activation, so that 
the activated catalyst, as X~ray tests show, consists 
mainly of palladium particles which are in a ZrOz ma 
trix. 
The phrase “in situ” means that the alloy is flowed 

over or flowed through by the gas mixture containing 
the reactants, suitably at temperatures between 150° and 
350° C., preferably between 200° and 300° C. After a 
period of suitably 2 to 400 hours, but generally of 2 to 
100 hours, the alloy reaches its full catalytic activity. 
Shorter activation times, of 0.1 to 2 hours, are achieved 
by activation in an air stream. For mere activation, an 
oxygen-containing gas mixture alone can be used in 
stead of the gas mixture to be reacted. 
The reactant activation can be characterized by mea 

surement of the specification surface, e.g., according to 
the BET method. Thus, a PdX(ZrOz)y catalyst, depend 
ing on the activation, has a speci?c surface of suitably 
15 to 60 m2/ g. 
Another method of characterizing the activation is 

the measurement of the metal surface, on the basis of the 
determination of the chemisorption. The Pdx(ZrOz)y 
catalysts according to the invention have, also depend 
ing on the activation, a speci?c metal surface suitably 
between 2 and 20 m2/ g. 
The activated catalysts according to the invention are 

used for total oxidation of carbon monoxide, of aliphatic 
and aromatic hydrocarbons as well as aliphatic alcohols 
in the gas phase. Especially suitable is the process for 
the total oxidation of said compounds in waste gas 
streams of fossil fuel combustion units. In this way, the 
outstanding property of the catalyst according to the 
invention, namely, the total oxidation of mixtures of 
said compounds, is stressed. 
The aliphatic hydrocarbons can be saturated or unsat 

urated, substituted or unsubstituted. Suitable represent 
atives of this class of compounds are, for example, bu 
tane, pentane, pentene, hexane and octane. Representa 
tives of aromatic hydrocarbons are, for example, ben 
zene, toluene, ethylbenzene and xylene. As aliphatic 
alcohols there is mentioned shorter-chain compounds 
such as methanol, ethanol, propanol and butanol, but 
preferably methanol. 
The catalyst according to the invention is especially 

suitable for the oxidation of carbon monoxide to carbon 
dioxide and for the total oxidation of methyl alcohol to 
carbon dioxide and water. 
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The reaction temperature, i.e., the temperature which 
is necessary for total oxidation, depends upon the reac 
tant to be oxidized in the gas stream, but suitably is 
between room temperature and 350° C. For the oxida 
tion of methanol the preferred temperature range is 
between 50° and 200° C. For the oxidation of carbon 
monoxide the preferred temperature range is between 
100° and 200° C. 
The pressure conditions during the reaction generally 

are not critical, and the operation is suitably performed 
at pressures between normal pressure and 10 bars, pref 
erably at normal pressure. 
The gas velocity is adjusted depending on the reac 

tants. Generally, the gas velocity is useful in a range of 
0.05 to 10 Nl/minXg of catalyst. 
To repeat, the second class of new catalyst of the 

invention are PdZrOg precipitation catalysts with a Pd 
content between 0.2 and 20 percent by weight produced 
by the process comprising: 

(a) impregnating ZrOg with a water-soluble palla~ 
dium salt, 

(b) drying the mixture, and 
(c) reducing the Pd complex with hydrogen. Accord 

ing to the invention, these catalysts exhibit a Pd content 
between 0.2 and 20 percent by weight. Preferably, a 
catalyst with a Pd content of l to 5 percent by weight is 
used. 
The PdZrOg precipitation catalyst is produced by 

impregnating a pulverized zirconium oxide with a sur~ 
face of 10 to 60 m2/ g with a palladium salt dissolved in 
water, drying the moist mixture and reducing the resul 
tant Pd complex with hydrogen. 

Palladium chlorides, such as, palladium II chloride, 
or complexed palladium chlorides, such as, ammonium 
tetrachloropalladate (II), can be used as the water solu 
ble Pd salts. 
The drying of the mixture suitably takes place at 120° 

to 300° C. 
The reduction is advantageously performed in the 

presence of a hydrogen-nitrogen mixture in a HgzNg 
ratio of between 10 to l and 0.1 to 1 at temperatures of 
200° to 600° C. The temperature control is especially 
advantageously selected so that the final reduction tem 
perature is reached only after gradual increase. 

Precipitation catalysts of this type are used according 
to the invention also for the oxidation of carbon monox 
ide, and the total oxidation of aliphatic and aromatic/ 
hydrocarbon as well as aliphatic alcohols in the gas 
phase. The process is especially suitable for the total 
oxidation of said compounds in waste gas streams. 
The aliphatic hydrocarbons can be saturated or unsat 

urated, substituted or unsubstituted. Suitable represent 
atives of this class of compounds are, for example, bu 
tane, pentane, pentene, hexane and octane. Representa 
tives of aromatic hydrocarbons are, for example, ben 
zene, toluene, ethylbenzene and xylene. As aliphatic 
alcohols there is mentioned shorter~chain compounds, 
such as, methanol, ethanol, propanol and butanol, but 
preferably methanol. 
The catalyst according to the invention is especially 

suitable for the total oxidation of carbon monoxide to 
carbon dioxide and for the oxidation of methyl alcohol 
to carbon dioxide and water. 
The reaction temperature, i.e., the temperature, 

which is necessary for total oxidation, depends upon 
reactants to be oxidized in the gas stream, but suitably is 
between room temperature and 350° C. For the oxida 
tion of methanol the preferred temperature range is 

20 
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4 
between 50° and 200° C. For the oxidation of carbon 
monoxide the preferred temperature range is between 
100° and 200° C. 
The pressure conditions during the reaction generally 

are not critical, and the operation is performed at pres 
sures between normal pressure and 10 bars, preferably 
at normal (atmospheric) pressure. 
The gas velocity is adjusted depending on the reac 

tants. Generally, the gas velocity is useful in a range of 
0.05 to 10 Nl/minXg of the catalyst. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is an activity-time diagram; 
FIG. 2 is a diagram of conversions versus tempera 

ture; and 
FIG. 3 is a diagram of activities. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following examples further explain and illustrate 
the process according to the invention. 

EXAMPLE 1 

Production of Initial Alloys 

(a) Production of amorphous initial alloy 
A Pd33Zr67 alloy was produced according to the melt 

spinning process as the initial alloy for the following 
tests. Strips with a thickness of 30 microns resulted. The 
strips were ground for their use as catalysts (particle 
size range, 0.1 to 5 mm). 

(b) Production of crystalline initial alloy 

The crystalline initial alloy was produced by crystal 
lizing out amorphous initial alloy produced in subsec 
tion (a) in a high vacuum at a temperature of 600° C. 

(0) Production and activation of a Pd-ZrOg 
precipitation catalyst 

The precipitation catalyst Pd/ZrOg (1 percent by 
weight of Pd) was formed according to the following 
formula. 
The zirconium dioxide present as granulate (Harshaw 

ZR-0304 T?) was ?nely pulverized. For the impregna 
tion of the powder with 1 percent by weight of Pd, 
0.2674 g of (NI-I4)2PdCl4 per 10 g of ZrOg was dissolved 
in a little water. The selected amount of water was just 
large enough that the zirconium oxide was completely 
impregnated. Then the moist mixture was dried over 
night at 120° C. The Pd complex was reduced in a hy 
drogen atmosphere. The reduction conditions were 
selected as follows: 

15 h at 200° C., then 
1 h at 300° C., then 
1 h at 400° C. 

EXAMPLE 2 

Activation of the Initial Alloy 

(a) “In situ” activation of an amorphous Pd33Zr67 alloy 

Pd33Zr67 catalysts (0.30 g) in the form of chips of a 
particle size of 0.1 to 1 mm and a surface of 0.02 mZ/g 
were activated “in situ” in a reaction ?ow-through 
apparatus, in a microreactor made of Pyrex glass, with 
an Ng/Og/CO gas mixture of 0.17 percent by volume of 
CO, 0.17 percent by volume of 03 at 202° C., 242° C. 
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and 282° C. The gas flow rate was always 150 Nml/min 
and the concentration of O2 and CO was 1700 ppm 
each. The tests were conducted at normal pressure 

In situ activation Oxidation time 

(activation times, see FIG. 1). amorphous 202° 6 about 360 h 5 amorphous 242° C. about 65 h 

(b) Activation of an amorphous Pd33Zr67 alloy in an air morph?“ 282" C- about 10 h 
Stream crystalline 282° C. about 150 h 

The catalysts (0.3 g) were activated in a reaction _ 
flow-through apparatus in an air stream at a gas velocity Table 1 .Shows 9.16 YeSEItaHF elllargmg of the BET 
of 50 Nml/min at normal pressure and a temperature of 10 surface during the in situ activation of the amorphous 
280.. C Over 1 hour sample. Except for the amorphous sample, the surface 

' ' area of all catalysts (according to activation) were de 

(c) “In situ” activation of a crystalline Pd33Zr67 alloy termined by adsorption of nitrogen. 
TABLE 1 

Specific Surface According to BET 
amorph. 

amorph, amorph., amorph., compar- support cryst., 
in situ in situ in situ ison, air catalyst in situ 

Act 202" c. 242" c. 282“ 0. 280° c. 280° (3. 

Temp. 
ABET, 26.9 29.9 45.9 24.2 45.5 20.2 

(ml/g) 
Note: 
A BETof amorphous initial material: 0.031 mZ/g (adsorption measured with krypton) 

Pd33Zr67 catalysts (0.30 g) in the form of chips of 0.1 
to 1 mm in size and a surface of 0.02 mz/ g were acti 

Table 2 shows the free metal surface determined by 
chemisorption measurements. 

TABLE 2 

Metal Surface From Chemisorption Measurements 
amorph. 

amorph., amorph, amorph., compar- support cryst., 
in situ in situ in situ ison, air catalyst in situ 

Act 202’ C. 242° C. 282° C. 280'‘ C. 280‘ C. 

Temp. 
APd, 3.9 5.5 6.9 18.5 0.52 6.9 

mZ/g 
Disper- 2.7 3.9 5.9 13.2 11.6 5.1 

sion, % 

Notes: 
A Pd the metal surface of the palladium. The dispersion in % shows in percent the portion of the Pd 
surface atom relative to the total number of metal atoms. 

vated “in situ” in a reaction flow-through apparatus, in 
a microreactor made of Pyrex glass, with an NZ/OZ/CO 
gas mixture at 280° C. The gas flow rate was always 150 
Nml/min and the concentration of O2 and CO was 1700 
ppm each. The tests were conducted at normal pressure 
(activation time, see FIG. 1). 

(d) Properties of the activated initial alloy in CO 
oxidation 

FIG. 1 shows in summary with an activity-time dia 
gram how the different activation is reflected in the CO 
oxidation of an amorphous and a crystalline Pd-Zr 
alloy. 
The “in situ” conditioning resulted in each case in a 

higher activity. 
When the properties of the amorphous alloy were 

compated at different temperatures, it was seen that the 
activation takes place faster at increasing temperature. 
The activation took place parallel with the oxidation of 
the zirconium. X-ray examinations of the bulk of the 
catalysts showed that these consisted of palladium parti~ 
cles, which were embedded in a matrix of Zr oxides. 
The activation of the crystalline alloy takes place much 
slower. 
For the activation up to the stationary activity the 

following times can be indicated: 

45 

55 

To the four catalysts represented in FIG. 1, two oth 
ers were added for the tests in Tables 1 and 2, namely: 

(a) Support catalyst with 1 percent by weight of Pd 
on ZrOg 

(b) Activated catalyst in the air stream at 280° C. 

EXAMPLE 3 
Total Oxidation of CO with an Amorphous, Crystalline 

and Support Catalyst 

After the completed activation phase, the reaction 
temperature was gradually reduced and the respective 
conversion recorded (see FIG. 2). The gas velocity was 
always 150 Nml/min and the concentration of O2 and 
CO was 1700 ppm each. The tests were conducted at 

normal pressure. 
From FIG. 2, it was established, that for the catalysts 

activated “in situ”, there is a tendency of increased 
catalytic activity with an increase of the temperature 
used in the in situ activation of the catalysts. Thus, an 
amorphous catalyst activated “in situ” at 282° C. was 
more active than a crystalline catalyst activated at 280° 
C., the latter was again more active than an amorphous 
catalyst activated “in situ” at 242° C. and the latter 
again was more active than an amorphous catalyst acti 
vated “in situ” at 202° C. It was clearly seen that the 
support catalyst exhibited the least activity per gram. 
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By the determination of the free metal surface, the 
activity per catalystically active surface atom was indi 
cated. The reaction rate r was de?ned as follows: 

r= convension CO-CO3/[atompd. s] 

The activity plots contained in the differential con 
version are shown in FIG. 3. From FIG. 3, it is seen that 
an activity property, dependent on the pretreatment, 
appeared. The discrepancy between support catalyst 
and the amorphous alloy, which started at 280° C., is the 
most obvious. At 1/T:0.003 (=60° C.), a 14 times 
greater center activity of the catalyst activated “in situ” 
at 280° C. relative to the support catalyst appeared. 
Thus, it appeared that the type of production of the 
Pd/ZrOg affected the nature of the active centers. 

EXAMPLE 4 

Total Oxidation of Methanol 

A 5 percent by volume of methanol-air mixture was 
sent at 50° C. over a bed of 0.2 g of an amorphous 
PC133(ZrOg)67 catalyst in the form of chips of particle 
size of 0.1 to 1 mm (reaction flow-through apparatus). 
The gas flow rate in this case were 300 Nml/min. Nor 
mal pressure was maintained. In the gas stream at the 
outlet of the apparatus only CO2 and H30 could be 
detected, i.e., the methanol was quantitatively totally 
oxidized. 
What is claimed is: 
1. Process for the total oxidation of at least one com 

pound selected from the class consisting of carbon mon 
oxide, aliphatic hydrocarbons, aromatic hydrocarbons 
and aliphatic alcohols, comprising reacting the at least 
one compound in an oxygen-containing gas stream in 
the presence of an activated catalyst of the general 
formula PdX(ZrOz)y, wherein x is a number between 1 
and 99, y is the difference between x and 100 and z is a 
value between 0.5 and 2, in the form of a crystalline or 
amorphous alloy, at a temperature between room tem 
perature and 350° C. and at a pressure from normal 
pressure to 10 bars. 

2. Process according to claim 1 for the total oxidation 
of carbon monoxide, wherein an air stream, containing 
100 ppm to 50 percent by volume of carbon monoxide, 
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8 
is conducted over the activated PdX(ZrO;)y catalyst in 
the form of a crystalline or amorphous alloy, at a tem 
perature between room temperature and 350° C. and at 
a pressure from normal pressure to 10 bars. 

3. Process according to claim 2 wherein the tempera 
ture is between 100° and 200° C., and the pressure is 
normal pressure. 

4. Process according to claim 1 for the total oxidation 
of methyl alcohol, wherein an air stream, containing 
100 ppm to 7 percent by volume or more than 36 per 
cent by volume of methyl alcohol, is conducted over 
the activated Pdx(ZrOZ)y catalyst in the form of crystal 
line or amorphous alloy, at a temperature between room 
temperature and 350° C. and a pressure from normal 
pressure to 10 bars. 

5. Process according to claim 4 wherein the tempera 
ture is between 50° and 200° C., and the pressure is 
normal pressure. 

6. Process for the total oxidation of at least one com 
pound selected from the class consisting of carbon mon 
oxide, aliphatic hydrocarbons, aromatic hydrocarbon 
and aliphatic alcohols, comprising reacting the at least 
one compound in an oxygen-containing gas stream in 
the presence of an PdZrOg precipitation catalyst, at a 
temperature between room temperature and 350° C. 
and a pressure from normal pressure to 10 bars the 
PdZrOg precipitation catalyst having a Pd content be 
tween 0.2 and 20 percent by weight and having been 
produced by the process comprising: 

(a) impregnating ZrOZ with a water-soluble palla 
dium salt, 

(b) drying the mixture, and 
(c) reducing the Pd complex with hydrogen. 
7. Process according to claim 6 for the total oxidation 

of carbon monoxide, wherein an air stream, containing 
100 ppm to 50 percent by volume of carbon monoxide, 
is conducted over the activated PdZrO; precipitation 
catalyst of claim 13, at a temperature between room 
temperature and 350° C. and a pressure from normal 
pressure to 10 bars. 

8. Process according to claim 7 wherein the tempera 
ture is between 100° and 200° C., and the pressure is 
normal pressure. 

* * * * 1k 


